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I N T R O D U C T I O N 

T h i s b o o k is o n e i n a se r i e s of How and Why Wonder Books f o r 

y o u n g r e a d e r s d e a l i n g w i t h s u b j e c t s of c u r r e n t i n t e r e s t in s c i e n c e a n d 

t e c h n o l o g y . T h r o u g h a u t h e n t i c t e x t a n d i l l u s t r a t i o n s , i t p r e s e n t s 

b r i e f a n s w e r s t o s e v e r a l d o z e n i m p o r t a n t q u e s t i o n s a b o u t r o c k e t s a n d 

miss i les . 

I t r e m i n d s u s t h a t m a n ' s k n o w l e d g e a b o u t t h e u n i v e r s e is v a s t . Y e t 

n e w a n d e x c i t i n g d e v e l o p m e n t s a r e a n n o u n c e d e v e r y d a y , e v i d e n c e 

t h a t s c i e n c e is m o v i n g a h e a d a t a r e m a r k a b l e p a c e . W e k n o w t h a t 

t h e r e i s sti l l m u c h m o r e t o b e l e a r n e d . S c i e n t i s t s t h r o u g h o u t t h e w o r l d 

a r e s e e k i n g r e l e n t l e s s l y fo r a n e w a n d b e t t e r u n d e r s t a n d i n g a b o u t 

t h i n g s in n a t u r e , r a n g i n g in t h e i r s e a r c h f r o m t h e t i n i e s t a t o m t o t h e 

l i m i t s of o u t e r s p a c e . A n d a s t h e a n s w e r s t o " h o w " a n d " w h y " q u e s 

t i o n s a r e f o u n d , t h e y p r o v i d e f u r t h e r i n t e r e s t i n g k n o w l e d g e t h a t is 

u se fu l f o r c o n t r o l l i n g o u r e n v i r o n m e n t . 

C h i l d r e n a l s o a s k " H o w ? " a n d " W h y ? " T h e y a r e c u r i o u s t o l e a r n 

m o r e a n d m o r e a b o u t t h e w o r l d . A n d p a r e n t s — t o sa t i s fy t h e i r o w n 

i n t e r e s t a n d t o s t i m u l a t e a n d k e e p u p w i t h y o u t h — m u s t b e i n f o r m e d 

a b o u t m o d e r n a d v a n c e s of s c i e n c e a s we l l . F o r t u n a t e l y , t h r o u g h 

b o o k s , p a r e n t s a n d c h i l d r e n c a n r e a d a n d s t u d y t o g e t h e r . 

L e a r n i n g t h e how's a n d why's i n o n e field of sc ient i f ic e x p l o r a t i o n 

u s u a l l y l e a d s t o i n t e r e s t in o t h e r fields. T h i s i s t o t h e g o o d b e c a u s e i t 

i s i m p o r t a n t f o r y o u n g p e o p l e in m a k i n g c a r e e r c h o i c e s t o k n o w a b o u t 

t h e m a n y o p p o r t u n i t i e s i n s c i e n c e . T h i s b o o k o n r o c k e t s a n d m i s s i l e s 

is o n e w h i c h wil l o p e n n e w h o r i z o n s fo r e v e r y r e a d e r a n d e n c o u r a g e 

f u r t h e r r e a d i n g a n d e x p l o r a t i o n in r e l a t e d fields. 
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H O W O L D I S T H E R O C K E T P R I N C I P L E ? 

HI S T O R I C A L r e c o r d s s h o w t h a t a s 

e a r l y a s 8 0 0 y e a r s b e f o r e C h r i s t , 

t h e C h i n e s e — w h o w e r e t h e first t o 

d i s c o v e r g u n p o w d e r — w e r e s h o o t i n g 

p o w d e r - p a c k e d t u b e s o n a s t i ck i n t o 

t h e a i r t o a m u s e t h e i r p e o p l e . 

T h e s e r o c k e t s f o l l o w e d a l l t h r e e of 

S i r I s a a c N e w t o n ' s t h r e e l a w s of m o 

t i o n . M a i n l y , h o w e v e r , i t w a s N e w t o n ' s 

t h i r d l a w w h i c h w a s i n e f fec t : F o r e v e r y 

action, t h e r e i s a n e q u a l a n d o p p o s i t e 

reaction. T h u s , w h e n t h e r o c k e t ' s b u r n 

ing g a s e s t h r u s t downward, t h e o p p o s i t e 

r e a c t i o n is a t h r u s t upward, s e n d i n g t h e 

r o c k e t in a fiery a r c i n t o t h e n i g h t sky . 

I n t h e 1 7 0 0 ' s W i l l i a m C o n g r e v e , i n 

E n g l a n d , t e s t e d i m p r o v e d C h i n e s e 

r o c k e t s a s w e a p o n s of w a r . T h e y 

a c h i e v e d l i t t l e s u c c e s s a t t h e t i m e , al

t h o u g h w h e n F r a n c i s S c o t t K e y w r o t e 

t h e Star Spangled Banner d u r i n g t h e 

W a r of 1 8 1 2 , t h e p h r a s e , " t h e r o c k e t s ' 

r e d g l a r e " r e f e r r e d t o C o n g r e v e mis 

s i les f i red b y t h e B r i t i s h a g a i n s t F o r t 

M c H e n r y . 

T h e r e a l f a t h e r of m o d e r n r o c k e t r y 

w a s t h e A m e r i c a n , D r . R o b e r t G o d -

d a r d , a p h y s i c s p r o f e s s o r w h o , in t h e 

e a r l y 1 9 0 0 ' s , b e g a n e x p e r i m e n t s w i t h 

r o c k e t s t o s e n d w e a t h e r - r e c o r d i n g in

s t r u m e n t s h i g h e r t h a n m e t e o r o l o g i c a l 

b a l l o o n s h a d e v e r g o n e . 

H e t r i e d b o t h so l id fue l ( p o w d e r ) 

a n d l i q u i d fue l ( g a s o l i n e a n d o x y g e n ) , 

a n d i n 1 9 2 6 t h e w o r l d ' s first l i q u i d - p r o 

p e l l e d r o c k e t w a s succes s fu l l y f i red a t 

A u b u r n , M a s s a c h u s e t t s . 

S t a r t i n g w i t h h i s first c r u d e a p p a 

r a t u s , h e w e n t o n t o a d d g u i d a n c e fea

t u r e s , a n a u t o m a t i c p a r a c h u t e t o b r i n g 

r e c o r d i n g i n s t r u m e n t s b a c k t o e a r t h 

safe ly , a n d s u b s e q u e n t l y d e v e l o p e d t h e 

p r i n c i p l e of t h e m u l t i - s t a g e r o c k e t 

w h i c h , f o r t y y e a r s l a t e r , w a s u s e d t o 

p u t b o t h U n i t e d S t a t e s a n d R u s s i a n 

s p a c e c r a f t i n t o o r b i t a r o u n d t h e e a r t h . 

Goddard's first rocket 



W H E N W E R E R O C K E T S F I R S T U S E D 

I N M O D E R N W A R F A R E ? 

T H E F O R M E R d i c t a t o r of G e r 

m a n y , A d o l p h H i t l e r , b o a s t e d h e 

w o u l d w i n W o r l d W a r I I w i t h h i s 

" s e c r e t w e a p o n s . " I n t h e s u m m e r of 

1 9 4 4 , u n u s u a l l a u n c h i n g s i tes w e r e o b 

s e r v e d a l o n g the B e l g i a n a n d D u t c h 

c o a s t s b y B r i t i s h a i r m e n . 

S o o n a f t e r , t h e s e w e a p o n s — g i a n t 

G e r m a n V - 2 r o c k e t s — b e g a n h u r t l i n g 

a c r o s s t h e E n g l i s h c h a n n e l i n t o L o n 

d o n , t h e c a p i t a l of E n g l a n d . 

T h i s u s h e r e d in a n a g e of l ong 

d i s t a n c e r o c k e t - p o w e r e d miss i l e s t h a t 

c o u l d c a r r y n u c l e a r w a r h e a d s . 

V-2 LAUNCHING 



W H A T A R E T H E D I F F E R E N T K I N D S 

O F R O C K E T F U E L S ? 

TH E o n l y e n g i n e c a p a b l e of o p e r a t 

i ng in a i r l e s s s p a c e is t h e r o c k e t 

w h i c h n e e d s n o o u t s i d e a i r f o r c o m b u s 

t i o n . I n p l a c e of a t m o s p h e r e , t h e r o c k e t 

m u s t h a v e a n o x i d i z e r t o m a k e t h e fuel 

b u r n — u s u a l l y l i q u i d o x y g e n , w h i c h 

m u s t b e k e p t a t 2 7 2 d e g r e e s b e l o w z e r o , 

F . , a n d m u s t b e h a n d l e d c a r e f u l l y . 

R o c k e t s b u r n i n g so l id fue l s d e m a n d 

less c a r e , b u t t h e fuel c o m b u s t i o n is 

m o r e difficult t o c o n t r o l . 

T h e first r o c k e t e n g i n e s h a d m o d e r 

a t e t h r u s t — t h e o n e in t h e X - l del iv

e r e d 6 , 0 0 0 p o u n d s — b u t t h e Apollo 8 

a s t r o n a u t s b e g a n t h e i r m o o n j o u r n e y o n 

a S a t u r n 5 r o c k e t w h i c h h a s a 7 _ -mil

l i o n - p o u n d t h r u s t ! N u c l e a r r o c k e t s wi l l 

b e e v e n m o r e p o w e r f u l . 

Gasoline 

Ignition 

Combustion 
Chamber 

Rubber-base 
Fuel 

Liquid 
Hydrogen 

Fluorine 
Oxidizer 

Combustion 
Chamber 

Aluminum 
floating 

in kerosene 

Liquid 
Oxygen 

LIQUID FUEL SOLID FUEL EXOTIC FUEL METAL FUEL 

Specific Thrust: 264. 
The liquid fuel flow is easy to 
control. The rocket design is 
complicated, and mechanical 
failures are apt to occur. 

Specific Thrust: Above 250. Specific Thrust; 373. 
Solid fuel is easily stored and Exotic fuel gives the rocket 
handled, but fuel combustion is greater speed and larger load-
hard to control. carrying capacity, but is difficult 

to store and handle. 

Specific Thrust: 325. 
!t is easily made and stored, 
but metal fuel is apt to clog 
pipelines. It is also hard to keep 
aluminum in suspension. 



H O W D O E S T H E M O D E R N A R M Y U S E R O C K E T S ? 

TO B E r e a d y fo r b a t t l e u n d e r a t o m i c 

w a r c o n d i t i o n s , t h e m o d e r n a r m y 

m u s t h a v e m a s s i v e s t r i k i n g f i r e p o w e r 

t h a t c a n b e m o v e d t o t h e t h r e a t e n e d 

a r e a s w i t h g r e a t r a p i d i t y . 

T h e U . S. A r m y h a s d e v e l o p e d a 

w h o l e f a m i l y of so l id - fue led r o c k e t s 

m o u n t e d o n m o b i l e - l a u n c h e r s w h i c h 

h a v e t a k e n t h e p l a c e a n d e x c e e d e d t h e 

f i r e p o w e r of c o n v e n t i o n a l a r t i l l e r y . 

T h e i r r a n g e v a r i e s f r o m r o c k e t s w h i c h 

c a n s t o p a t a n k a t 2 , 0 0 0 y a r d s , t o 2 7 -

f o o t miss i l e s t h a t , g u i d e d b y r a d i o , c a n 

b l a s t a t a r g e t t w e n t y m i l e s a w a y w i t h a 

1 5 0 0 - p o u n d w a r h e a d . B e c a u s e of t h e 

s o l i d f u e l , A r m y r o c k e t m i s s i l e s a r e 

m o r e n e a r l y t r o u b l e - f r e e t h a n t h o s e us

i n g l i q u i d p r o p e l l a n t a n d a r e e a s i e r f o r 

t h e c r e w s t o h a n d l e . 

LACROSSE • Mounted on a mobile-
launcher, the Lacrosse can hit and 
destroy enemy strong points up to 
20 miles away. It is a solid-propel-
lant missile easily handled by in
fantrymen, and can be guided 
accurately to its target by radio. 

DART • This small but effective 
anti-tank rocket, with a range of 
over 2,000 yards, is used by infan
try and armored combat units. 



T h e c h a n g e - o v e r f r o m t h e e a r l y d a y s 

o f h o r s e - d r a w n g u n s u s e d i n W o r l d 

W a r I t o t h e m e c h a n i z e d a r t i l l e r y of 

W o r l d W a r I I is n o w b e i n g c a r r i e d for

w a r d b y t h e r e - e q u i p m e n t of o u r m o d 

e r n a r m i e s w i t h r o c k e t miss i l es . 

N o t o n l y a r e t h e s h o r t - r a n g e mis s i l e s 

m o r e a c c u r a t e a n d m u c h m o r e d e s t r u c 

t ive , b u t r o c k e t p r o p u l s i o n h a s e x t e n d e d 

t h e r a n g e of w e a p o n s f a r b e y o n d t h a t 

r e a c h e d b y o l d - t i m e c a n n o n . 

HONEST JOHN • Honest John is a 
3-ton, 27-foot, solid-propellant mis
sile with a range of about 30 miles. 



W E R E M A N Y R O C K E T S F I R E D I N W O R L D W A R I I ? 

AL T H O U G H t h e G e r m a n s h a d b u i l t 

{ a n d f i red h u g e r o c k e t mi s s i l e s i n t o 

E n g l a n d , t h e y s p e n t l i t t l e t i m e o r effor t 

o n s m a l l e r a r t i l l e r y - t y p e r o c k e t s . 

H o w e v e r , t h e R u s s i a n s , i n v a d e d b y 

G e r m a n y a n d d e s p e r a t e fo r i n c r e a s e d 

f i r e p o w e r , p e r f e c t e d s e v e r a l effect ive 

t y p e s of r o c k e t b a t t e r i e s . T h e y w e r e al

m o s t t h e o n l y n a t i o n f igh t ing in W o r l d 

W a r I I t o u s e r o c k e t s o n l a n d . 

v ( ' 

T h e U n i t e d S t a t e s N a v y w a s a l s o 

q u i c k t o t e s t t h e v a l u e of r o c k e t s a n d 

first u s e d t h e m i n t h e i n v a s i o n of N o r t h 

A f r i c a in 1 9 4 2 t o g ive s u p p o r t t o l a n d 

i n g c r a f t s t o r m i n g t h e b e a c h e s . 

L a t e r , i n t h e i s l a n d b a t t l e s of t h e 

Pac i f i c , w h e n U . S. M a r i n e s h a d g o n e 

a s h o r e a n d t h e b i g g u n s a n d t h e a i r 

b o m b i n g h a d c e a s e d , it w a s t h e r o c k e t s 

t h a t g a v e s u p p o r t t o t h e l a n d fo rces . 



I S T H E R O C K E T M I S S I L E R E P L A C I N G A R T I L L E R Y ? 

DE F E N S E a g a i n s t low-

flying p l a n e s h a s b e e n 

s t e p p e d u p b y t h e A r m y ' s 

H A W K , a q u i c k - f i r i n g , 

s o l i d - p r o p e l l a n t m i s s i l e . 

I t c a n b e fired eas i ly a n y 

w h e r e in t h e field f r o m a 

m o b i l e l a u n c h e r o r f r o m 

sma l l a i r c r a f t a n d h e l i c o p 

ters . A s is te r w e a p o n t o t h e 

h i g h - a l t i t u d e N i k e Z E U S 

a n d N i k e S P R I N T , i t is di

r e c t e d b y l o w - a l t i t u d e r a 

d a r w h i c h c a n r e s p o n d 

i n s t a n t l y t o t h e swi f tes t 

e n e m y p l a n ' s a t t e m p t s t o 

e s c a p e . 



W H A T T Y P E S O F R O C K E T S A R E S H O T 

F R O M P L A N E S ? 

WH E N je t p l a n e s b e g a n flying a t 

t w i c e t h e s p e e d of s o u n d , t h e r e w a s 

i n s i s t e n t n e e d fo r fas te r - f i r ing a n d m o r e 

d e s t r u c t i v e w e a p o n s . 

I n c o n t r a s t t o t h e 5 0 - c a l i b e r b u l l e t o r 

t h e c a n n o n shel l , t h e r o c k e t w i t h i t s in

c r e d i b l e v e l o c i t y a n d d e s t r u c t i v e p o w e r 

w a s a p a r t i a l a n s w e r t o t h e p r o b l e m . 

T h e e l e c t r o n i c b r a i n t h a t is b u i l t i n t o a 

r o c k e t c a n eas i ly o u t w i t b o m b e r s a n d 

f ighter a i r c r a f t t r y i n g t o e s c a p e i t . T h u s 

t h e r o c k e t is r e g a r d e d a s a p e r f e c t a i r 

b o r n e w e a p o n . 

The FALCON, a 6V2-foot, 112-pound 
rocket, can outmaneuver and destroy air
craft at any altitude. 

The SIDEWINDER, a solid-propellant rocket, is named after a fast and deadly rattlesnake. 
This rocket strikes fast and is infrared-guided to its target. 



• 

The SPARROW III is a 1 2-foot rocket which 
rides a radar beam to the target. Used by 
both the U.S Navy and the Marine Corps, it 
attains a speed of more than 1,500 mph 
within seconds after being fired from its fit
ting beneath a supersonic plane. 

The ZUNI, a slim solid-propellant rocket 
whose guidance fins are folded until the 
rocket is launched from its carrier, can be 
fired singly or in salvos at supersonic speeds. 



A R E R O C K E T S S U P E R I O R T O G U N S 

A S A N T I A I R C R A F T W E A P O N S ? 

RI N G I N G al l t h e i m p o r t a n t U . S. gov 

e r n m e n t a l a n d i n d u s t r i a l c e n t e r s 

a r e b a t t e r i e s of N i k e S P R I N T miss i l e s 

w h i c h h a v e t a k e n t h e p l a c e of c o n v e n 

t i o n a l a n t i a i r c r a f t a r t i l l e ry . 

K e p t i n u n d e r g r o u n d c o n c r e t e p i t s 

u n t i l t h e m o m e n t of firing, t h e i r m e c h a n 

i ca l l a u n c h e r s p o i n t t h e m i n t o t h e s k y 

a n d w i t h i n a m a t t e r of s e c o n d s t h e t w o -

s t a g e r o c k e t , w i t h a n a t o m i c w a r h e a d , 

c a n s p e e d a lo f t a t 2 , 2 0 0 m p h . 

T h e first s t a g e of t h e mi s s i l e — a 

s o l i d - p r o p e l l a n t b o o s t e r — t h r u s t s t h e 

S P R I N T t h r o u g h i ts first s e c o n d s of 

v e r t i c a l flight a n d t h e n d r o p s a w a y a s 

t h e s e c o n d s t a g e t u r n s a n d h e a d s f o r t h e 

t a r g e t . 

T h e e l a b o r a t e c o n t r o l e q u i p m e n t 

w i t h i n i t s s e c o n d s t a g e c o n s i s t s of r a d a r , 

a n e l e c t r o n i c c o m p u t e r , a n d d i r e c t i o n a l 

g u i d a n c e s y s t e m s — m u c h m o r e c o m 

p l e x t h a n a n y a r t i l l e r y she l l — w h i c h 

t a k e i n t o a c c o u n t t h e s p e e d a n d c o u r s e 

of a n e n e m y a i r c r a f t a n d i n t e r c e p t i t a t 

d i s t a n c e s u p t o 7 5 m i l e s a w a y . 

A Nike HERCULES stands 
ready for firing. 

12 



A R E R O C K E T S U S E D T O D R I V E T A R G E T D R O N E S ? 

WI T H t h e s p e e d s of fighter a n d 

b o m b e r a i r c r a f t i n c r e a s i n g e v e r y 

y e a r a n d t h e a l t i t u d e a t w h i c h t h e y fly 

i n c r e a s i n g , t h e fighter p i l o t ' s n e e d t o 

p e r f e c t h i s a i r - t o -a i r a i m a l s o i n c r e a s e s . 

T o fulfill t h i s n e e d , u n m a n n e d t a r g e t 

d r o n e s h a v e b e e n p e r f e c t e d — s m a l l 

r e p l i c a s of fu l l - sca le p l a n e s w h i c h c a n 

r e a c h t h e s a m e a l t i t u d e s a n d s p e e d s . 

S o m e a r e g u i d e d a n d p u t t h r o u g h t h e i r 

p a c e s b y r a d i o - c o n t r o l f r o m a m o t h e r 

p l a n e . 

T h e s e d r o n e s — u n l e s s t h e y a r e h i t 

d u r i n g p r a c t i c e — a r e r e c o v e r a b l e b y 

p a r a c h u t e . O n e t y p e — t h e F I R E B E E , 

is d r i v e n b y a s m a l l j e t e n g i n e a f t e r i t 

h a s b e e n b o o s t e d t o t o p s p e e d b y a 

r o c k e t . 

This rocket-powered drone is used for target practice. 

T H E X K D 4 R N a v y d r o n e is w h o l l y 

r o c k e t - p o w e r e d . T h e b o d y a n d w i n g s 

a r e m a d e of m o l d e d p l a s t i c , a n d i t c a n 

b e l a u n c h e d f r o m a f igh te r a i r c r a f t . 

I t flies i tse l f , u n d e r t h e m e c h a n i c a l 

d i r e c t i o n of a flight-control p a c k a g e p u t 

in p l a c e in t h e f u s e l a g e b e f o r e l e a v i n g 

t h e g r o u n d . 

I t c a n d u p l i c a t e a n y of t h e flying 

c h a r a c t e r i s t i c s of a ful l -s ize p l a n e . 

13 



H O W D O R O C K E T S " B O O S T " J E T - P R O P E L L E D 

M I S S I L E S O N T H E I R W A Y T O A T A R G E T ? 

A i r F o r c e c o m b a t t e a m s a r e r e a d y 

t o s e n d t h e M A C E , a p i l o t l e s s j e t - p r o 

p e l l e d mis s i l e w i t h a n u c l e a r w a r h e a d , 

t o a t a r g e t o v e r 6 0 0 m i l e s a w a y . T h e s e 

mis s i l e s a r e l a u n c h e d f r o m spec ia l ly -

b u i l t p o w e r f u l v e h i c l e s c a l l e d ze r o -

l e n g t h - l a u n c h e r s . N e a r d a n g e r p o i n t s 

a r o u n d t h e w o r l d t h e d e a d l y w e a p o n s 

a r e h i d d e n a l o n g w o o d e d h i l l s ides i n 

E u r o p e , o r o n t r o p i c a l c o r a l h e a d l a n d s 

in t h e Pac i f i c . G u i d e d a f t e r l a u n c h i n g , 

t h e mis s i l e w i t h i t s f e a r s o m e w a r h e a d 

flies t o i t s d i s t a n t e n e m y t a r g e t w i t h 

u n e r r i n g a c c u r a c y . 

I n p a r t s , t h e M A C E a n d a l l e q u i p 

m e n t c a n b e l o a d e d a b o a r d a c a r g o 

p l a n e , flown t o a n y p a r t of t h e w o r l d , 

a n d b e r e a d y fo r firing w i t h i n h o u r s . 

14 



T o ass i s t t h e M A C E ' s j e t e n g i n e o n 

t h e take-off , a R A T O u n i t is a t t a c h e d 

t o t h e t a i l of t h e miss i l e . T h i s sol id-

p r o p e l l a n t r o c k e t b o o s t e r g ives i t t h e 

n e c e s s a r y a c c e l e r a t i o n t o w a r d full fly

i n g s p e e d . W h e n t h i s h a s 

b e e n a c h i e v e d a n d t h e 

b o o s t e r is n o l o n g e r n e e d e d , 

i t f a l l s a w a y , w h i l e t h e 

M A C E g o e s o n a l o n e . 
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H O W D O E S T H E U N I T E D S T A T E S N A V Y 

U S E R O C K E T S ? 

The TERRIER, 
a two-stage missile, 
is taking the place 
of naval artillery. 

A F T E R t h e u s e of r o c k e t s 

# \ t o w a r d t h e e n d of W o r l d 

W a r I I , t h e U . S. N a v y de

v e l o p e d s h i p b o a r d r o c k e t 

w e a p o n s f o r s h o r e s u p p o r t a n d a s a n t i 

a i r c r a f t miss i l es . B o t h t h e T E R R I E R , 

a n e e d l e - n o s e miss i l e , a n d t h e T A L O S , 

a l o n g - r a n g e r a m j e t w e a p o n w h i c h is 

b o o s t e d i n t o t h e sk ies b y a r o c k e t , h a v e 

g u i d a n c e s y s t e m s so u n c a n n i l y a c c u r a t e 

t h a t t a r g e t s c a n b e s p o t t e d b e y o n d t h e 

r a n g e of h u m a n v i s i o n a n d d e s t r o y e d . 

The TALOS is a two-stage missile 
with a rocket booster that drops 
off after sufficient speed has been 
attained by the missile. 
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H O W D O E S T H E U N I T E D S T A T E S N A V Y P L A N 

T O U S E R O C K E T S I N U N D E R S E A W A R F A R E ? 

WH E N a l u r k i n g e n e m y s u b m a r i n e 

is l o c a t e d , s u r f a c e s h i p s c a n fire 

a R A T ( r o c k e t - a s s i s t e d t o r p e d o ) to 

w a r d t h e s u s p e c t e d a r e a . T h e r o c k e t 

h u r l s t h e t o r p e d o in t h e d i r e c t i o n of t h e 

Rocket falls away 
Parachute opens 

t a r g e t , a p a r a c h u t e l o w e r s i t i n t o t h e 

w a t e r c lo se b y , a n d a h o m i n g d e v i c e 

g u i d e s i t t o t h e k i l l . 

T h e U . S. N a v y is b u i l d i n g a fleet of 

a t o m i c s u b m a r i n e s c a p a b l e of l a u n c h 

i n g a s a l v o of P O L A R I S miss i l e s w h i c h 

c a n fly s u p e r s o n i c a l l y t o a t a r g e t 1 , 5 0 0 

m i l e s a w a y . 

T h e s u b m a r i n e s c a n r e m a i n sub

m e r g e d f a r f r o m l a n d f o r w e e k s a n d , 

w h e n t h e t i m e c o m e s t o s t r i ke , c a n fire 

t h e i r miss i l e s f r o m t h e d e p t h s of t h e 

sea o r f r o m t h e s u r f a c e . 

• ^ 
Homing device finds target 

T h e first success fu l firing of a ba l l i s 

t ic mi s s i l e f r o m u n d e r w a t e r t o o k p l a c e 

o n J u l y 2 0 , 1 9 6 0 , w h e n a P O L A R I S 

mis s i l e w a s fired f r o m t h e n u c l e a r sub

m a r i n e George Washington. A t t h e 

t i m e of t h e firing, t h e George Washing

ton w a s s u b m e r g e d in 5 0 t o 6 0 fee t of 

w a t e r . 



I N W H A T N E W W A Y S W I L L R O C K E T S B E U S E D ? 

TO B E s u r e t h a t a t o m i c ba t t l e f i e ld s 

a r e swif t ly o c c u p i e d a f t e r a d e t o n a 

t i o n , n e w , f a s t - m o v i n g w e a p o n s m u s t b e 

d e v i s e d . 

T h e e x p e r i m e n t a l v e r t i c a l - r i s i n g 

r o c k e t l a u n c h e r is d e s i g n e d t o fit t h a t 

n e e d . P o w e r e d b y t w o je t e n g i n e s w h i c h 

a l s o d r i v e f o u r d u c t e d f a n s fo r v e r t i c a l 

lift, t h i s v e h i c l e is fitted w i t h t w o r evo lv 

i n g b a n k s of r o c k e t s t h a t c a n b e fired 

s ing ly o r in s a l v o s t o g ive s u p p o r t t o 

a d v a n c i n g b a t t l e g r o u p s . 

K e p t in h i d i n g b e h i n d a r a m p a r t of 

m o u n t a i n s , t h e r o c k e t l a u n c h e r s c a n 

p r o c e e d t o t h e a t o m i c b l a s t s i te a s s o o n 

a s r a d i a t i o n lifts, i n o r d e r t o c o v e r t h e 

o c c u p a t i o n of t h e ba t t l e f i e ld b y g r o u n d 

f o r c e s w i t h o u t d e l a y . 
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H O W I S F U E L C O N S E R V E D I N L A U N C H I N G 

P R O B E R O C K E T S ? 

I N S T E A D of f i r ing r o c k e t s f r o m p a d s 

a t g r o u n d leve l , t h e U . S. A i r F o r c e , 

in " P r o j e c t F a r s i d e , " s e n t a m u l t i - s t a g e 

miss i l e t o 1 0 0 , 0 0 0 fee t a l t i t u d e , sus

p e n d e d b y a p o l y e t h y l e n e b a l l o o n . A t 

t h a t p o i n t t h e r o c k e t s w e r e t r i g g e r e d . 

L a u n c h i n g t h e r o c k e t s f r o m t h i s a l t i 

t u d e i n s t e a d of f r o m t h e g r o u n d , c o n 

s e r v e d fuel . S o m e of t h e m h a v e s o a r e d 

4 , 0 0 0 m i l e s i n t o s p a c e , s e n d i n g b a c k 

d a t a o n m i c r o - m e t e o r i t e s , t e m p e r a t u r e 

a n d r a d i a t i o n . 

The rocket frame (on a truck) awaits inflation of the plastic balloon. 19 



H O W W I L L P E R M A N E N T M I S S I L E B A S E S B E 

C O N S T R U C T E D F O R I N S T A N T U S E A G A I N S T 

E N E M Y A T T A C K ? 



H I D D E N d e e p b e l o w t h e g r o u n d in 

c o n c r e t e s i los , i n t e r c o n t i n e n t a l 

miss i les s t a n d r e a d y fo r q u i c k firing in 

t h e c a s e of a t t a c k . W i t h i n a n u n d e r 

g r o u n d l a b y r i n t h , t h e mis s i l e b a t t e r y 

c o n t r o l c e n t e r h a s c o m p u t e r s , f ue l ing 

faci l i t ies , a n d s u p p l y a n d l iv ing q u a r 

t e r s . W h e n t h e a l a r m is s o u n d e d , c o n 

c r e t e t r a p d o o r s o p e n a n d t h e miss i l es 

a r e b r o u g h t a b o v e g r o u n d , t h e i r a i m 

a n d r a n g e d a t a a l r e a d y set . T h e L a u n c h 

Officer c a n fire t h e m s ing ly o r in sa lvos . 
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H O W A R E M I S S I L E S L A U N C H E D W H E R E 

T H E R E A R E N O P E R M A N E N T B A S E S ? 

TH E U N I T E D S T A T E S A R M Y ' S 

C O R P O R A L miss i l e is d e l i v e r e d t o 

t h e m e n i n t h e field e n c a s e d i n a p r e s 

s u r i z e d c y l i n d e r 5 0 fee t l o n g , t o g u a r d 

i t s d e l i c a t e i n s t r u m e n t a t i o n f r o m d a m 

a g e . A f t e r i t is r e m o v e d f r o m t h i s p r o 

t e c t i v e t u b e , t h e n o s e c o n e a n d t a i l fins 

a r e s e c u r e d i n p l a c e a n d a g i a n t t r a n s 

p o r t e r v e h i c l e t a k e s t h e miss i l e t o t h e 

f u e l i n g s t a t i o n w h e r e c h e m i c a l s a r e 

p u m p e d i n t o i t f r o m s tee l fue l t a n k s . 

W i t h o u t t h e l a u n c h i n g fac i l i t ies t o 

b e f o u n d a t a p e r m a n e n t miss i l e b a s e , 

a l l s o r t s of s t r a n g e v e h i c l e s a r e n e e d e d . 

Missile being removed from shipping case 

These tanks contain aniline, a fuel 
used in the launching of missiles. 

V a n s w h i c h h o u s e r a d a r t r a c k i n g 

i n s t r u m e n t s a n d e l e c t r o n i c c o m p u t e r s 

m u s t b e p l a c e d in p o s i t i o n . T h e t r a n s 

p o r t e r s l o w l y p o i n t s t h e mi s s i l e u p w a r d 

a n d se t s i t u p o n a p o r t a b l e s teel p l a t 

f o r m o n t h e g r o u n d . T o e n a b l e m e n t o 

r e a c h a n y p a r t of t h e v e r t i c a l miss i le , 

a p o r t a b l e c r a n e is u s e d fo r t h e las t -

m i n u t e a d j u s t m e n t s . A fire t r u c k s t a n d s 

b y in c a s e of a n a c c i d e n t . E l e c t r i c c a b l e s 

a n d h o s e s m a y b e s e e n e v e r y w h e r e , sup

p l y i n g fue l , p o w e r a n d d a t a fo r t h e 

l a u n c h i n g . 
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A s t h e firing m o m e n t a p p r o a c h e s , 

h o s e s a n d w i r e s a r e r e e l e d in — al l 

e x c e p t o n e t o t h e miss i le . F i n a l p r e p a r a 

t i o n s a r e c o m p l e t e d , t h e p o r t a b l e gen

e r a t o r h u m s a n d t h e c o u n t d o w n b e g i n s : 

" s e v e n . . . six . . . five . . . f o u r . . . t h r e e 

. . . t w o . . . o n e . . . F I R E ! " I n s i d e t h e 

C O R P O R A L , v a l v e s o p e n a n d c o m 

p r e s s e d a i r b l a s t s t h e fuel m i x t u r e i n t o 

t h e r o c k e t e n g i n e . 

A r o a r is h e a r d , d u s t s c a t t e r s in a n e x p l o s i v e c l o u d 

a r o u n d t h e b a s e of t h e mis s i l e a n d — e v e r so s lowly 

a t first — t h e C O R P O R A L b e g i n s i t s fire-trailing 

a s c e n t i n t o t h e sky . T w o m i l e s u p , i t t i l t s a n d s c r e a m s 

off t o w a r d a t a r g e t 6 0 t o 7 0 m i l e s a w a y . 
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W H A T R E C O R D S W E R E M A D E W I T H A M E R I C A ' S 

F I R S T R O C K E T P L A N E S ? 

p o i n t a t w h i c h i t w a s f e a r e d t h e terr i f ic 

s p e e d s m i g h t m e l t t h e s t r u c t u r e of t h e 

c r a f t . B u i l t of t i t a n i u m ( l i g h t e r t h a n 

s t e e l ) , i t flew o v e r 2 , 1 0 0 m p h a n d in 

1 9 5 6 i t c l i m b e d t o 2 5 m i l e s a b o v e t h e 

s u r f a c e of t h e e a r t h . I t s r o c k e t e n g i n e s 

b u r n e d a n a l c o h o l - w a t e r m i x t u r e a n d 

u s e d l i q u i d o x y g e n as a n o x i d i z e r . 

TH E B E L L X - l , p i l o t e d b y C a p t . 

C h a r l e s E . Y e a g e r of t h e U n i t e d 

S t a t e s A i r F o r c e , w a s t h e w o r l d ' s first 

m a n n e d a i r c r a f t t o fly f a s t e r t h a n t h e 

s p e e d of s o u n d . I t t r a v e l e d a t 1 , 6 5 0 m p h 

a n d in 1 9 5 4 r e a c h e d a n a l t i t u d e of 17 

mi les . 

R o c k e t - d r i v e n p l a n e s h a v i n g b r o k e n 

t h e s o u n d b a r r i e r , t h e X - 2 w a s d e s i g n e d 

t o p r o b e t h e t h e r m a l b a r r i e r — t h a t 

T h e " X " se r ies of r o c k e t p l a n e s a r e 

b u i l t f o r r e s e a r c h a n d c a r r y fuel f o r n o 

m o r e t h a n five m i n u t e s of p o w e r e d 

flight. C a r r i e d a lo f t u n d e r t h e w i n g of 

a m o t h e r p l a n e , t h e y a r e r e l e a s e d a b o v e 

3 5 , 0 0 0 fee t , w h e r e t h e r o c k e t e n g i n e s 

a r e i g n i t e d . 
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W H A T D O E S T H E X - 1 5 A C C O M P L I S H ? 

TH E X - 1 5 , a n e x p e r i m e n t a l r o c k e t 

p l a n e , w a s d e v e l o p e d fo r m a n n e d 

r o c k e t r e s e a r c h a t t h e v e r y e d g e of 

s p a c e , a b o v e 9 9 . 9 9 p e r c e n t of t h e 

e a r t h ' s a t m o s p h e r e . T h e X - 1 5 c a r r i e s 

o u t i t s r e s e a r c h a b o v e t h e d e s e r t n e a r 

E d w a r d s A i r F o r c e B a s e in C a l i f o r n i a . 

T h e X - 1 5 is c a r r i e d b e n e a t h t h e w i n g 

of a B - 5 2 b o m b e r t o a n a l t i t u d e of be 

t w e e n 4 0 , 0 0 0 t o 5 0 , 0 0 0 feet , f r o m 

w h e r e i t is r e l e a s e d . I t p l u m m e t s f o r 

1 , 5 0 0 fee t , a n d t h e n i ts 6 0 0 , 0 0 0 - h o r s e -

p o w e r e n g i n e ign i t e s a n d b u r n s fo r 9 0 

s e c o n d s . T h e r o c k e t p l a n e flashes u p 

w a r d t o w a r d c i s l u n a r s p a c e . A f t e r t h e 

r o c k e t h a s b u r n e d o u t , t h e X - 1 5 sti l l 

c o n t i n u e s u p w a r d fo r t h o u s a n d s of feet 

a n d t h e n a r c h e s d o w n w a r d , r e e n t e r i n g 

t h e t h i c k e r a t m o s p h e r e . I t g l ides b a c k 

t o e a r t h a n d , u s i n g sk is i n s t e a d of 

w h e e l s , l a n d s o n t h e d e s e r t . 

T h e X - 1 5 h a s s o a r e d t o 6 7 m i l e s 

a b o v e t h e e a r t h a n d h a s r e a c h e d s p e e d s 

of 4 , 5 3 4 m i l e s p e r h o u r , n i n e t i m e s t h e 

s p e e d of s o u n d . T h e n e w e s t X - 1 5 

p l a n e s a r e d e s i g n e d t o fly e v e n h i g h e r , 

a t s p e e d s u p t o 5 , 3 0 0 m i l e s p e r h o u r . 
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W H I C H A R E T H E U N I T E D S T A T E S 

L O N G - R A N G E M I S S I L E S ? 

MI S S I L E e x p e r i m e n t s in t h e U n i t e d 

S t a t e s A r m y , N a v y a n d A i r F o r c e 

b e g a n s o o n a f t e r t h e e n d of W o r l d W a r 

I I , w h e n a q u a n t i t y of c a p t u r e d G e r 

m a n V - 2 miss i l es , t o g e t h e r w i t h G e r m a n 

r o c k e t spec ia l i s t s , w e r e b r o u g h t f r o m 

E u r o p e . 

R o c k e t b u i l d i n g , a l m o s t a b a n d o n e d 

s ince R o b e r t G o d d a r d ' s e x p e r i m e n t s in 

t h e e a r l y 1 9 0 0 ' s , w e n t i n t o h i g h g e a r in 

o r d e r t o p e r f e c t miss i l e s c a p a b l e of 

c a r r y i n g a n u c l e a r w a r h e a d t o a n e n e m y 

t a r g e t . W i t h t h e i n c r e a s e in p o w e r of 

r o c k e t e n g i n e s a n d t h e u s e of m u l t i 

s t a g e miss i l es , t h e i r r a n g e w a s i n c r e a s e d 

t o o v e r 5 , 0 0 0 mi l e s . 

A miss i le , i n t h e m i l i t a r y sense , is a 

r o c k e t c a r r y i n g a n e x p l o s i v e w a r h e a d . 

T h u s , n o t a l l r o c k e t s a r e miss i les . 

Larger and more powerful than any mis
sile booster is the Saturn 5 rocket. It is 
278 feet tall and weighs 3,000 tons. Its 
five 1,500,000-pound-thrust engines give 
it a total thrust of 7,500,000 pounds, 
making it the world's most powerful 
rocket. The first launching of a Saturn 5 
took place November 9, 1967. A little 
more than a year later, a Saturn 5 boosted 
the Apollo 8 spacecraft on man's first 
journey to the moon. 

JUPITER THOR 

Service Branch 

Height (feet) 

Weight (pounds) 

Range (miles) 

Contractor 

U.S. Army 

58 

105,000 

1,50Q 

Chrysler 

U.S. Air Force 

62 

110,000 

1,500 

Douglas 

2 6 



REDSTONE 

U.S. Army 

69 

2 0 0 + 

Chrysler 

Ŵ 

VANGUARD 

U.S. Navy 

72 

22,000 

300 Mi. Alt. 

Martin 

£ 

ATLAS 

U.S. Air Force 

75 

243,000 

9,000 

Convair 

27 



H O W F A S T M U S T A R O C K E T T R A V E L T O 

E S C A P E E A R T H ' S G R A V I T A T I O N A L P U L L ? 

TO G O t o t h e m o o n — o u r o n l y n a t 

u r a l s a t e l l i t e — a r o c k e t mi s s i l e m u s t 

a t t a i n a s p e e d of 2 5 , 0 0 0 m p h t o e s c a p e 

f r o m t h e e a r t h ' s pu l l . T h i s m u s t b e d o n e 

w i t h m u l t i - s t a g e r o c k e t s , e a c h ind iv id 

u a l s t a g e s e n d i n g t h e miss i l e f a r t h e r 

i n t o s p a c e a n d a t i n c r e a s i n g s p e e d . 

W h e n t h e l a s t s t a g e is fired, t h e miss i l e 

m u s t b e t r a v e l i n g a t s e v e n m i l e s p e r 

s e c o n d . A t t h i s p o i n t i t wi l l c o n t i n u e t o 

c o a s t , w i t h o u t p o w e r , a n d sc ien t i s t s be 

l ieve t h a t a s i t c o m e s w i t h i n 3 0 , 0 0 0 

m i l e s of t h e m o o n , t h e miss i l e wi l l b e g i n 

t o o r b i t a r o u n d t h a t b o d y . 
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H O W D O E S A R O C K E T W O R K ? 

TH E M I G H T Y Saturn 5 a n d t h e 

F o u r t h of J u l y s k y r o c k e t h a v e 

m u c h i n c o m m o n . T h e y b o t h w o r k o n 

t h e s a m e p r i n c i p l e , r e l y i n g fo r succes s 

o n a l a w of m o t i o n d i s c o v e r e d b y Sir 

I s a a c N e w t o n , a b r i l l i a n t m a t h e m a t i 

c i a n a n d sc ien t i s t . I t s t a t e s t h a t for 

every action, there is an equal and op

posite reaction. I n o t h e r w o r d s , w h e n 

e v e r a f o r c e e x e r t s a p u s h o r a p u l l o n 

a n o b j e c t in o n e d i r e c t i o n ( a n a c t i o n ) , 

t h e o b j e c t i tself e x e r t s a n e q u a l p u s h 

o r p u l l i n t h e o p p o s i t e d i r e c t i o n ( a 

r e a c t i o n ) . If y o u fire a g u n , i t m o v e s 

b a c k w a r d — i t r eco i l s , o r " k i c k s " — 

a g a i n s t y o u r s h o u l d e r w i t h a f o r c e 

e q u a l t o t h a t of t h e b u l l e t m o v i n g for

w a r d o u t of t h e g u n b a r r e l . T h e b u l l e t 

m o v i n g f o r w a r d is a n a c t i o n , a n d t h e 

g u n m o v i n g b a c k w a r d is a r e a c t i o n . A s 

a n o t h e r e x a m p l e of N e w t o n ' s r e a c t i o n 

p r i n c i p l e , if y o u j u m p f o r w a r d off a 

s c o o t e r , t h e s c o o t e r i tself m o v e s b a c k 

w a r d . Y o u r f o r w a r d j u m p is t h e a c t i o n ; 

t h e s c o o t e r ' s m o v e b a c k w a r d is t h e re

a c t i o n . W h e n b u r n i n g g a s r u s h e s o u t of 

t h e r e a r of a r o c k e t , i t is a n a c t i o n 

w h o s e r e a c t i o n is t h e f o r w a r d m o t i o n of 

t h e r o c k e t . T o n s of b u r n i n g g a s r u s h 

o u t of t h e r e a r of Saturn 5 e v e r y s e c o n d 

a n d g ive t h e r o c k e t i t s 7 Vi -mil l ion-

p o u n d t h r u s t . 

T h e b u r n i n g g a s is p r o d u c e d b y ig

n i t e d r o c k e t fuel . T h e r e a r e t w o m a i n 

t y p e s of r o c k e t f ue l : so l id a n d l i qu id . 

S o m e so l i d fuels a r e b l a c k g u n p o w d e r , 

s m o k e l e s s p o w d e r , a n d a c h e m i c a l t h a t 

is p r i n c i p a l l y r u b b e r . A m o n g t h e l i q u i d 

PROPELLANT 

Components (and their distri
bution) in a typical rocket. 

fuels i n u s e a r e h y d r o g e n p e r o x i d e ( t h e 

s a m e l i q u i d t h a t is a h o u s e h o l d an t i 

s ep t i c , o n l y m u c h m o r e c o n c e n t r a t e d 

a n d p u r e r ) , a l c o h o l , g a s o l i n e , h y d r o 

g e n , fluorine, a n d l i q u i d o x y g e n . R o c 

k e t fue l s a r e b e t t e r t e r m e d r o c k e t p r o -

p e l l a n t s . 

PAMAO ,— GUIDANCE 

CHEMICAL ROCKET 
LIQUID PROPELLANT 

THRUST CHAMBER 

PRESSURIZING TANKS 
TURBINE 
EXHAUST 

HEAT-SINK 
NOSE CONE 

-OXIDIZER FUEL7 TURBOPUMP 

PROPELLANT PUMPS 

VERNIER 
ROCKETS 
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A sol id p r o p e l l a n t is ea s i e s t t o u s e . 

T h e s o l i d - p r o p e l l a n t r o c k e t e n g i n e n e e d 

cons i s t o n l y of a p l a c e t o b u r n t h e p r o 

p e l l a n t ( a c o m b u s t i o n c h a m b e r ) , a n 

e x h a u s t n o z z l e a t t h e r o c k e t ' s r e a r , a n d 

a d e v i c e t o i g n i t e t h e p r o p e l l a n t . L i q u i d 

p r o p e l l a n t s a r e m u c h m o r e c o m p l i 

c a t e d t o u s e t h a n so l id o n e s . T h e l i q u i d -

p r o p e l l a n t r o c k e t e n g i n e c o n s i s t s of a t 

l eas t t w o s t o r a g e t a n k s , a n d p u m p s 

fo r ce t h e p r o p e l l a n t t h r o u g h p i p e s t o 

t h e c o m b u s t i o n c h a m b e r . A p o w e r sys

t e m f o r t h e p u m p s a n d m a n y k i n d s of 

c o n t r o l s a r e a l s o n e c e s s a r y p a r t s of t h e 

l i q u i d - p r o p e l l a n t r o c k e t . T o c o m p e n 

s a t e fo r a m o r e c o m p l i c a t e d c o m b u s 

t i o n s y s t e m , t h o u g h , a l i q u i d - p r o p e l l a n t 

r o c k e t h a s c e r t a i n a d v a n t a g e s : i t c a n 

b e m a d e m o r e p o w e r f u l t h a n a so l id 

p r o p e l l a n t e n g i n e ; t h e t h r u s t of t h e en

g i n e c a n b e v a r i e d ( a s o l i d - p r o p e l l a n t 

e n g i n e ' s t h r u s t c a n n o t ) ; s o m e l i q u i d 

p r o p e l l a n t e n g i n e s c a n b e s t o p p e d a n d 

r e s t a r t e d w h i l e t h e r o c k e t is in flight, 

w h e r e a s so l id p r o p e l l a n t s c a n o n l y b e 

s t o p p e d a n d n o t r e s t a r t e d ; a n d finally, 

l i qu id p r o p e l l a n t s c o s t less t h a n so l id 

p r o p e l l a n t s . 

A l a r g e m o d e r n r o c k e t w i t h h u n 

d r e d s of t h o u s a n d s of p a r t s a n d r e q u i r 

ing d o z e n s of m e n t o l a u n c h i t is n o t v e r y 

m u c h l ike a F o u r t h of J u l y s k y r o c k e t 

. . . y e t t h e r e is n o d i f fe rence in t h e p r i n 

c ip le t h a t m o v e s e i t h e r t h e h u g e r o c k e t 

o r t h e s m a l l o n e . I t is N e w t o n ' s f u n d a 

m e n t a l r e a c t i o n l a w t h a t d r i v e s a l l 

r o c k e t s o n t h e i r flights. 

For every action, there is an 
equal and opposite reaction. 
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W H Y M U S T R O C K E T S B E U S E D F O R T R A V E L 

I N O U T E R S P A C E ? 

WH E N m a n flies t h r o u g h t h e i o n o 

s p h e r e — e x t e n d i n g f r o m 5 0 t o 

5 0 0 m i l e s a b o v e t h e e a r t h — a n d c o n 

t i n u e s i n t o t h e e x o s p h e r e , h e wil l b e 

a r r i v i n g in o u t e r s p a c e w h e r e n o a t m o s 

p h e r e exis t s . L o n g b e f o r e t h i s p o i n t is 

r e a c h e d , p i s t o n a n d je t e n g i n e s w o u l d 

h a v e s t o p p e d r u n n i n g b e c a u s e , t o con 

t i n u e t o o p e r a t e , t h e y m u s t d r a w in a i r 

( o x y g e n ) t o m i x w i t h t h e fue l t h e y u s e . 

I t w a s t h e A m e r i c a n r o c k e t sc ien t i s t , 

R o b b e r t G o d d a r d w h o first p r o v e d , 

b o t h m a t h e m a t i c a l l y a n d b y a c t u a l t e s t , 

t h a t a r o c k e t wi l l w o r k in a v a c u u m . 

I t s fuel , w h e n m i x e d w i t h l i q u i d oxy

g e n ( o f t e n c a l l e d L O X ) i n t h e firing 

c h a m b e r , wi l l e x p l o d e a n d b u r n , c rea t 

i n g thrust. T h e r e f o r e , t h e r o c k e t e n g i n e 

is u n l i k e a n y o t h e r in t h a t i t c a r r i e s i ts 

o w n " a i r " w i t h i t . 

A n o t h e r o f i t s a d v a n t a g e s f o r 

m a n n e d s p a c e t r a v e l is t h a t i t s s p e e d of 

a c c e l e r a t i o n c a n b e so c o n t r o l l e d b y 

t h e flow of fuel , t h a t t h e in i t i a l " b l a s t -

f r o m t h e g r o u n d c a n b e k e p t a t 

m a n c a n s t a n d . 

This four-barre led rocket 
engine, weighing only 210 
pounds, p roduced 6 ,000 
pounds of ihrust. It pushed the 
X-l through the sonic barrier 
to a height of 90,000 feet. 
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' Satellite 
is mounted 

above 

"" Fuel 

LOX 

Fuel 
Pumps 

Rocket 
Motor 

H O W I S A M U L T I - S T A G E 

M I S S I L E C O N S T R U C T E D ? 

I T W A S A m e r i c a ' s o w n D r . G o d d a r d 

w h o first d i s c o v e r e d that b y m o u n t 

i n g o n e rocket a t o p another — auto

mat i ca l ly firing the n e x t s tage a b o v e 

w h e n the first h a d b u r n e d o u t — speeds 

a n d d i s tances c o u l d b e a c h i e v e d that 

w e r e i m p o s s i b l e w i th a s ingle-stage 

rocket . I n s o m e ins tances , the instru

m e n t - c a r r y i n g s a t e l l i t e h a s i t s o w n 

r o c k e t e n g i n e w h i c h g o e s i n t o orbit , t oo . 

Fuel 

Second 
Stage 

11,000 

Pumps 

Rocket 
Motor 

Rocket 
Motor 

EXPLORER I SATELLITE 

Outside and 
Interior 

Temperature 
Recorders 

Cosmic 
Ray 

Recorder 

Antenna 
Wires 

Micrometeorite 
Erosion Gauges 

AMERICA'S 

VANGUARD I 

Released from a 
protective nose 
cone, this instru
mented satellite 
goes into orbit. 
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H O W D I D P R O J E C T A R G U S C R E A T E 

A M I S S I L E S H I E L D A R O U N D T H E E A R T H ? 

Three small atomic warheads were 
exploded at high altitudes in the 
fall of 1958. 

The Explorer IV satellite, which was 
launched earlier in July, 1958, and 
in a polar orbit, reported results of 
the high blasts. 

I N t h e a u t u m n of 1 9 5 8 , t h r e e r o c k e t s 

w i t h n u c l e a r w a r h e a d s w e r e s ec re t l y 

fired a b o v e t h e S o u t h A t l a n t i c O c e a n 

t o a n a l t i t u d e of t h r e e h u n d r e d m i l e s , 

w h e r e t h e w a r h e a d s w e r e e x p l o d e d . 

T h e o r b i t i n g Explorer 4 s a t e l l i t e r ad i 

o e d b a c k t o e a r t h t h e s t r e n g t h of t h e 

c l o u d of r a d i a t i o n left b y t h e e x p l o s i o n . 

The converted missile ship Norton Sound, 
in the South Atlantic, from which the 
atomic warheads were fired. 
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Areas marked A and B are cross sections 
radiation belts that surround the earth, 
the Project Argus experiment. 

•- • » 

of the doughnut-shaped Van Allen 
The white cross marks the site of 

T h e o b j e c t of Project Argus w a s t o 

find o u t if n u c l e a r e x p l o s i o n s in s p a c e 

c o u l d b e u s e d t o d i s r u p t a n e n e m y ' s 

m i s s i l e -gu id ing r a d a r a n d r a d i o . W h e n 

t h e 3 0 0 - m i l e - h i g h e x p l o s i o n s o c c u r r e d , 

t h e r e l e a s e d n e g a t i v e l y c h a r g e d elec

t r o n s w e r e c a u g h t u p b y t h e e a r t h ' s 

i nv i s ib l e m a g n e t i c field a n d s w e p t eas t 

w a r d . W i t h i n a n h o u r , t h e y h a d enve l 

o p e d o u r p l a n e t w i t h a t h i n ve i l of 

r a d i a t i o n t h a t effect ively d i s r u p t e d ra 

d i o a n d r a d a r t r a n s m i s s i o n s . 

M a n y sc i en t i s t s b e l i e v e t h a t a w a y t o 

e x p l o d e s u p e r s o n i c miss i l es h a r m l e s s l y 

h i g h i n t h e a t m o s p h e r e is t o e x p l o d e 

n e u t r o n - r e l e a s i n g n u c l e a r b o m b s . 

T h e first U . S . sa te l l i t e , Explorer 1, 

d i s c o v e r e d t h a t t h e r e a r e t w o b e l t s of 

i n t e n s e r a d i a t i o n w h i c h s u r r o u n d o u r 

p l a n e t — e x c e p t fo r a r e a s o v e r t h e 

N o r t h a n d S o u t h P o l e s . T h e s e a r e t h e 

V a n A l l e n r a d i a t i o n be l t s . O n e ( A ) 

ex i s t s a b o u t 3 , 5 0 0 m i l e s b e y o n d o u r a t 

m o s p h e r e . A n o t h e r b e l t of r a d i a t i o n 

( B ) ex i s t s b e t w e e n 8 , 0 0 0 a n d 1 2 , 0 0 0 

m i l e s b e y o n d o u r a t m o s p h e r e . 
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M U S T P I L O T L E S S M I S S I L E S B E A S S I S T E D 

O F F T H E G R O U N D ? 

U n t i l the je t -propuls ion p o w e r p lant t o flying speed b y rockets . W h e n flying 

of a n y long-range p i lo t less b o m b c a n s p e e d h a s b e e n atta ined, the b o o s t e r 

r e a c h i ts ful l thrust , i t m u s t b e b o o s t e d r o c k e t s c a n b e dropped . 

T h e S N A R K , w h i c h c a n fly 5 , 0 0 0 

m i l e s a n d d i v e t o i ts target f r o m 6 0 , 0 0 0 

feet , is dr iven b y a jet e n g i n e after it is 

hurt led i n t o free flight b y t w o rockets . O n the o ther h a n d , the B O M A R C , 

a n antiaircraft a n d ant imiss i le miss i le , 

i s p r o p e l l e d at t w i c e the s p e e d of s o u n d 

b y t w o ramjet eng ines . 

Fuel Spray 

T h e ramjet i s a s imple t u b e w i t h n o 

m o v i n g parts . H o w e v e r , it d o e s n o t 

beg in t o f u n c t i o n unti l air i s dr iven 

t h r o u g h it at very h igh speed. A power

ful rocke t is u s e d t o r e a c h this speed. 

Flame Holder and Igniter Combustion Chamber 
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The tall structure at the left, used to fuel and service 
each separate stage of the missile, is rolled back 
before the firing takes place. 

W H A T W A S T H E F I R S T U N I T E D S T A T E S S A T E L L I T E 

P U T I N T O O R B I T A R O U N D T H E E A R T H ? 

ON January 3 1 , 1 9 5 8 , a Jupiter-C 

miss i le w a s l a u n c h e d f rom C a p e 

Canavera l , F lor ida . A n A r m y R e d s t o n e 

— the first s tage — sent it 6 0 mi l e s up . 

A t 2 1 2 mi le s the g r o u n d contro l ler 

t ipped the veh ic l e t o a course paral le l 

w i t h the earth. 

Six s e c o n d s later the third-stage rock

ets of the miss i le r a m m e d the E x p l o r e r 

I satel l i te in to orbit a r o u n d the earth. 
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W H A T W A S P R O J E C T M E R C U R Y ? 

AM E R I C A ' S P R O J E C T M E R 

C U R Y h a d t h r e e o b j e c t i v e s : t o 

s t u d y m a n ' s a b i l i t y t o t r a v e l i n s p a c e ; 

t o p l a c e m a n n e d sa te l l i t e s i n o r b i t 

a r o u n d t h e e a r t h ; a n d t o r e t u r n t h e pi

lo t a n d h i s s p a c e c a p s u l e sa fe ly t o e a r t h . 

O n M a y 5 , 1 9 6 1 , N a v y C o m m a n d e r 

A l a n B . S h e p a r d , J r . , A m e r i c a ' s first 

a s t r o n a u t , w a s l a u n c h e d i n t o s p a c e in 

t h e M e r c u r y c a p s u l e Freedom 7 f o r a 

1 5 - m i n u t e , 1 1 5 - m i l e - h i g h s u b o r b i t a l 

flight. A n o t h e r s u b o r b i t a l flight w a s 

m a d e i n Liberty Bell 7 b y M a r i n e C a p 

t a i n V i r g i l I . G r i s s o m . T h e n t h e r e fol-

Artist's conception, cutaway view, of a space 
capsule of a type to follow Project Mercury. 
This larger capsule carries two astronauts. 

Retro-rockets 
to slow up re-entry 

to earth's atmosphere 
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l o w e d f o u r o r b i t a l flights b y P r o j e c t 

M e r c u r y a s t r o n a u t s , M a r i n e L t . C o l o 

n e l J o h n G l e n n i n Friendship 7, L t . 

C o m m a n d e r M . S c o t t C a r p e n t e r i n Au

rora 7, C o m m a n d e r W a l t e r M . S c h i r r a , 

J r . i n Sigma 7, a n d finally A i r F o r c e 

C o l o n e l L . G o r d o n C o o p e r , J r . i n Faith 

7. C o l o n e l C o o p e r o r b i t e d t h e e a r t h 2 2 

t i m e s i n 34V^ h o u r s a n d t r a v e l e d m o r e 

t h a n ha l f a m i l l i o n mi l e s . 

T h e M e r c u r y c a p s u l e s w e r e 7 fee t 

in d i a m e t e r a t t h e b a s e a n d 10 fee t t a l l . 

T h e y o r b i t e d b e t w e e n 1 0 0 a n d 1 5 0 

m i l e s a b o v e t h e e a r t h . T h e c a p s u l e w a s 

s l o w e d a t r e e n t r y t i m e b y firing r e t r o -

r o c k e t s . 

e space vehicle prepares to land. Its 
nose, triggered by the astronauts, is ejected 
— loosing the parachute. At the same time, 
the retro-rockets slow the capsule's earth
ward descent. 
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W H A T D A N G E R S D O E S M A N F A C E I N O U T E R S P A C E ? 

Re-entry 
into Earth's 

Heavier 
Atmosphere 

FU T U R E as tronauts wi l l e n c o u n t e r 

m a n y hazards a n d p r o b l e m s a s t h e y 

travel greater d i s tances i n t o outer space . 

S o m e of these hazards h a v e a l ready 

b e e n inves t iga ted b y u n m a n n e d satel-

lonospheric 
Currents 

l i tes t h a t h a v e r a d i o e d b a c k i m p o r t a n t 

i n f o r m a t i o n . S o m e of t h e s e h a z a r d s 

h a v e a l r e a d y b e e n i n v e s t i g a t e d b y 

A m e r i c a n a n d R u s s i a n a s t r o n a u t s . S o 

fa r , n o ill effects h a v e b e e n r e p o r t e d . 



H O W M U S T M A N B E P R O T E C T E D 

I N S P A C E V E H I C L E S ? 

DU R I N G journeys in to space , hu

m a n s m u s t carry w i t h t h e m a suffi

c ient supply of o x y g e n , f o o d a n d l iquid 

to last unt i l their return t o earth. T h e y 

m u s t a l so be p r o t e c t e d aga ins t sear ing 

heat , bitter co ld , a n d sh ie lded aga ins t 

in tense radia t ion k n o w n t o ex is t in 

b a n d s a r o u n d the earth. M a n m u s t b e 

he ld in p l a c e during rapid acce l era t ion 

a n d brutal dece l era t ion w h i l e l eav ing 

a n d returning to our a tmosphere . O n c e 

in space , he m u s t l earn t o c o p e w i t h 

the p r o b l e m s of we ight l e s snes s a n d pe

r iods of c o m p l e t e inact ivi ty . 
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H O W C A N M A N ' S S A F E R E T U R N 

T O T H E E A R T H ' S A T M O S P H E R E B E S O L V E D ? 

R E T U R N I N G t o e a r t h f r o m s p a c e is 

a s g r e a t a p r o b l e m a s l e a v i n g f o r 

s p a c e . F o r m a n y y e a r s , s c i en t i s t s h a v e 

w o r k e d t o o v e r c o m e t h e diff icult ies of 

r e - e n t r y . 

W h e n a s p a c e sh ip , t r a v e l i n g a t t h o u 

s a n d s of m i l e s a n h o u r , d e s c e n d s t o w a r d 

e a r t h , t h e a t m o s p h e r e c r e a t e s e n o u g h 

f r i c t i on t o m e l t t h e s h i p ' s m e t a l h u l l . 

S p e c i a l m e t a l s a n d s p e c i a l i n s u l a t i n g 

m a t e r i a l s h a v e b e e n d e v e l o p e d t o ove r 

c o m e t h e h a z a r d s of r e - e n t r y , e n a b l i n g 

t h e A m e r i c a n a n d R u s s i a n a s t r o n a u t s 

t o r e t u r n sa fe ly . 

T h e Project Mercury c a p s u l e h a s a spe

c ia l s u r f a c e , s o m e of w h i c h b u r n s a w a y , 

t h e r e b y p r o t e c t i n g t h e m e t a l b e n e a t h . 

W h e n t h e r e t u r n i n g s h i p is c lo se t o t h e 

e a r t h ' s s u r f a c e , a p a r a c h u t e o p e n s t o 

s l o w i ts d e s c e n t t o l a n d i n g s p e e d . 

W H E R E D O W E S T A N D I N S P A C E A C C O M P L I S H M E N T S ? 

T h e S p a c e A g e o p e n e d w h e n R u s s i a 

l a u n c h e d t h e first sa te l l i t e , Sputnik I. 

S i n c e t h e n a b e w i l d e r i n g a m o u n t of ef

f o r t a n d m o n e y h a s b e e n p u t i n t o s p a c e 

e x p l o r a t i o n b y t h e U n i t e d S t a t e s a n d 

R u s s i a , a n d a s m a l l e r a m o u n t b y a f ew 

o t h e r n a t i o n s . 

W e l l o v e r a t h o u s a n d s p a c e c r a f t h a v e 

b e e n l a u n c h e d . T h e y h a v e b e e n of m a n y 

d i f fe ren t k i n d s . M o s t h a v e b e e n a r t i 

ficial s a t e l l i t e s s e n t o r b i t i n g a r o u n d t h e 

e a r t h . T h e s e sa t e l l i t e s h a v e c a r r i e d 

i n s t r u m e n t s t h a t h a v e m e a s u r e d t h e 

e a r t h ' s m a g n e t i c field, i t s r a d i a t i o n field, 

i ts s h a p e , a n d i ts s ize. O t h e r sa te l l i t e s 

h a v e p h o t o g r a p h e d c l o u d s , s e n d i n g 

b a c k t o e a r t h h u n d r e d s a n d h u n d r e d s 

of p i c t u r e s e v e r y d a y of t h e y e a r . T h e s e 

p h o t o s h a v e e n a b l e d sc i en t i s t s t o p r e 

d i c t w e a t h e r m o r e a c c u r a t e l y t h a n t h e y 

e v e r h a v e d o n e b e f o r e . O t h e r sa te l l i t e s 

h a v e s e n t o u t s i g n a l s t h a t h e l p o c e a n 

g o i n g vesse l s n a v i g a t e m o r e p r e c i s e l y . 

Sti l l o t h e r sa te l l i t e s h a v e m e a s u r e d t h e 

t i n y m e t e o r s t h a t b o m b a r d t h e e a r t h ' s 

a t m o s p h e r e b y t h e b i l l i o n s e v e r y d a y . 

S p a c e c r a f t h a v e g o n e t o t h e m o o n , t o 

V e n u s , a n d t o M a r s t o e x p l o r e t h e s e 

p l a n e t s . O t h e r s h a v e j o u r n e y e d c l o s e t o 

t h e s u n t o g e t i n f o r m a t i o n a b o u t t h a t 

h u g e a s t r o n o m i c a l b o d y . T h e U n i t e d 

S t a t e s s e n t Mariner II o n a m i s s i o n t o 

V e n u s , o u r n e a r e s t n e i g h b o r i n t h e s o l a r 

s y s t e m , a n d l e a r n e d t h a t i t is t o o h o t 

f o r l i v ing t h i n g s a s w e k n o w t h e m o n 

e a r t h t o ex i s t t h e r e . T h e U n i t e d S t a t e s 

a l s o s e n t Mariner IV to p h o t o g r a p h 

M a r s a n d l e a r n e d t h a t M a r s h a s a sur 

f a c e p o c k e d w i t h c r a t e r s , l i ke t h e 

m o o n ' s s u r f a c e . 

I n 1 9 6 7 , b o t h t h e U n i t e d S t a t e s a n d 

t h e U . S . S . R . s e n t s p a c e p r o b e s t o t h e 

p l a n e t V e n u s w h i c h r e v e a l e d t h a t i ts 

s u r f a c e is t o o h o t — m o r e t h a n 5 0 0 ° F . 

— t o s u p p o r t life a s w e k n o w i t . T h e 

U . S. p r o b e Mariner II h a d f o u n d , 

b a c k i n 1 9 6 2 , t h a t V e n u s r o t a t e s i n a 

d i r e c t i o n o p p o s i t e t o t h a t of t h e e a r t h . 



O n e r o t a t i o n t a k e s 2 2 5 e a r t h d a y s . T h e 

l o n g V e n u s i a n d a y , e q u a l t o m o r e t h a n 

1 0 0 e a r t h d a y s , a l l o w s t h e s u r f a c e of 

V e n u s t o b e c o m e v e r y h o t , a n d V e n u s ' 

t h i c k a t m o s p h e r e of c a r b o n d i o x i d e 

h o l d s in t h e h e a t . I t wi l l b e a l o n g t i m e 

b e f o r e m e n find a w a y t o e x p l o r e V e n u s . 

T h e m o o n h a s b e e n e x p l o r e d b y u n 

m a n n e d s p a c e c r a f t . I n 1 9 5 9 , R u s s i a ' s 

Lunik III p h o t o g r a p h e d t h e f a r s ide of 

t h e m o o n . I n 1 9 6 4 a n d 1 9 6 5 , t h e 

U n i t e d S t a t e s m a d e m o r e t h a n 1 7 , 0 0 0 

c lo se -up p h o t o g r a p h s of t h e m o o n w i t h 

t e l ev i s ion c a m e r a s a b o a r d t h r e e Rang

ers. R u s s i a s o f t - l a n d e d a c a m e r a o n t h e 

m o o n in e a r l y 1 9 6 6 a n d t h e U n i t e d 

S t a t e s f o l l o w e d w i t h s i m i l a r fea t s , t h e 

Surveyor s p a c e p r o b e s . T h e U n i t e d 

S t a t e s t h o r o u g h l y m a p p e d t h e l u n a r 

One of the first living space travellers was a dog; it 
was a passenger in a Russian spacecraft, Sputnik II 
(October, 1957). 

s u r f a c e b y m e a n s of t e l e v i s i o n c a m e r a s 

c a l l e d Lunar Or biters. A l l t h i s p h o t o g 

r a p h y h a d o n e m a i n p u r p o s e — t o h e l p 

sc ien t i s t s find a s u i t a b l e l a n d i n g s i te o n 

t h e m o o n for a s t r o n a u t s . 

T h e a s t r o n a u t s t h e m s e l v e s t r a i n e d a t 

s p a c e v o y a g i n g in Project Mercury a n d 

Project Gemini. T h e n , in l a t e 1 9 6 8 , t h e 

g r e a t e s t a c h i e v e m e n t in m a n n e d s p a c e 

flight s o f a r w a s m a d e b y t h e U n i t e d 

S t a t e s . T h i s w a s t h e m o o n - o r b i t i n g voy

a g e of t h e t h r e e Apollo 8 a s t r o n a u t s , 

F r a n k B o r m a n , J a m e s L o v e l l , a n d W i l 

l i a m A n d e r s . H a v i n g m a d e th i s t e c h 

n i c a l l y flawless v o y a g e , m a n is j u s t a 

s t e p a w a y f r o m s e t t i n g f o o t o n a n a s t r o 

n o m i c a l b o d y o t h e r t h a n t h e e a r t h , t h e 

e a r t h ' s m o o n . 

PROTECTIVE NOSE CONE 

ULTRA-VIOLET AND X-RAY 
INSTRUMENTS 

TRANSMITTERS AND 
RECORDING 

INSTRUMENTS 

DOG'S SEALED 
COMPARTMENT 



H O W D O E S M A N E X P E C T T O L I V E I N O U T E R S P A C E ? 

SP A C E sc ien t i s t s h a v e p l a c e d i n t o 

o r b i t a r o u n d t h e e a r t h p e r m a n e n t 

sa te l l i t e s u s e d a s r e l a y s t a t i o n s f o r r a 

d i o a n d t e l ev i s ion b r o a d c a s t s . T h e s e a r e 

c a l l e d c o m m u n i c a t i o n s sa te l l i t es . O t h e r 

l o n g - t e r m sa te l l i t e s o b s e r v e t h e w e a t h e r 

a n d a i d n a v i g a t i o n . 

V a r i o u s t y p e s of s p a c e s t a t i o n s fo r 

d i f fe ren t u s e s wi l l b e lo f t ed i n t o o r b i t 

i n s e p a r a t e s e c t i o n s a n d a s s e m b l e d b y 

w o r k m e n i n s p a c e su i t s . A t r e g u l a r in

t e r v a l s t h e sa t e l l i t e s wi l l b e r e s t o c k e d 

w i t h p r o v i s i o n s , fue l a n d rel ief c r e w s 

s e n t u p f r o m t h e e a r t h . 

Interplanetary Space Stations 
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A Manned Winged Rocket Plane 

A s t r o n o m e r s wi l l w e l c o m e t h e o p p o r 

t u n i t y t o c o n t i n u e t h e i r s t u d i e s of t h e 

u n i v e r s e f r o m a v a n t a g e p o i n t o u t s i d e 

t h e e a r t h ' s a t m o s p h e r e . T h e y wi l l b e 

e q u i p p e d w i t h u n m a n n e d " s n o o p e r 

c r a f t " t o e x p l o r e o u t e r s p a c e a n d r e p o r t 

b a c k b y r a d i o . T h e w i n g e d r o c k e t p l a n e 

( s h o w n a b o v e , r i g h t ) is r e t u r n i n g a f t e r 

c a r r y i n g s u p p l i e s t o a sa te l l i t e . 
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W H E R E C A N M A N G O W H E N H E L E A V E S 

T H E E A R T H ? 

TH E E A R T H is a s m a l l p l a n e t a m o n g 

b i l l i ons of s t a r s a n d o t h e r ce les t i a l 

b o d i e s in a u n i v e r s e t h a t e x t e n d s be 

y o n d m a n ' s i m a g i n a t i o n . A t r u e s t a r is 

a n y h e a v e n l y b o d y l ike o u r s u n , w h i c h 

is s e l f - l u m i n o u s ; p l a n e t s a n d sa te l l i t e s 

s h i n e b y re f l ec ted l igh t . T h e s o l a r sys

t e m t o w h i c h t h e e a r t h b e l o n g s is m a d e 

u p of n i n e p l a n e t s w h i c h r e v o l v e a r o u n d 

t h e sun . Sa te l l i t e s , l i ke t h e m o o n w h i c h 

o r b i t s a r o u n d t h e e a r t h , c i r c l e a r o u n d 

t h e p l a n e t s . O u r s o l a r s y s t e m is o n l y a 

t i ny p a r t of a l a r g e r g a l a x y of s t a r s — 

t h e M i l k y W a y — a n d a s t r o n o m e r s 

h a v e d i s c o v e r e d a b o u t a h u n d r e d mil 

l i o n s u c h g a l a x i e s , e a c h of w h i c h m a y 

c o n t a i n a h u n d r e d t h o u s a n d p l a n e t s . 

I t s e e m s l ike ly t h a t s o m e w h e r e a m o n g 

t h e s e b i l l i o n s of h e a v e n l y b o d i e s , l i v ing 

c o n d i t i o n s s u i t a b l e t o m a n m a y b e p re s 

e n t . H e h a s t h r i v e d o n e a r t h b e c a u s e of 

a c o m b i n a t i o n of e l e m e n t s : a d e e p b a n d 

of a t m o s p h e r e , w a t e r t o d r i n k , a n d h e a t 

f o r w a r m t h a n d c o o k i n g . 

A m o n g t h e p l a n e t s a n d sa t e l l i t e s of 

o u r s o l a r s y s t e m , m a n y a r e t o o h o t o r 

t o o c o l d t o s u p p o r t h u m a n life, w h i l e 

o t h e r s g ive off c h e m i c a l f u m e s t h a t 

w o u l d d e s t r o y i t . A s t r o n o m e r s b e l i e v e 

t h a t of a l l t h e p l a n e t s in o u r s o l a r sys

t e m , o n l y M a r s m i g h t b e l i v a b l e fo r 

h u m a n b e i n g s . 

H O W F A R A W A Y A R E O T H E R P L A N E T S 

I N O U R S O L A R S Y S T E M ? 

Planet 

Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

Pluto 

Mean Distance 
from Sun 

(Millions of Miles) 

36 

67.2 

93 

141.5 

483.3 

886 

1,783 

2,793 

3,675 

Length 
of Year 

88 days 

225 days 

365 days 

687 days 

11.86 years 

29.46 years 

84 years 

164.8 years 

248.4 years 

Period 
of Rotation 

88 days 

Unknown 

1 day 

24.6 hours 

9.9 hours 

10.2 hours 

10.7 hours 

15.8 hours 

Unknown 

Diameter 
(Miles) 

3,000 

7,600 

7,920 

4,220 

89,000 

75,000 

31,000 

28,000 

6,300 

Gravity 
at Surface 
(Ear th= l ) 

0.27 

0.85 

1.00 

0.38 

2.64 

1.17 

0.92 

1.12 

Unknown 
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RELATIVE SIZES OF THE PLANETS 

Mercury • 

Mars • 

Earth 

Uranus 

Venus 

RELATIVE DISTANCES OF THE PLANETS 
FROM THE SUN 

Pluto 

T H E S A T E L L I T E S O F T H E P L A N E T S 

MARS: 2 satellites. Diameters: 5 and 1 miles. Orbits: 3,700 and 14,500 miles. Circuit time: Vi and 1 Vi days. 

JUPITER: 12 satellites. Diameters: 20 to 3,200 miles. Orbits: 112,600 to 14,888,000 miles. Circuit time: 
V2 to 760 days. 

SATURN: 9 satellites. Diameters: 200 to 3,550 miles. Orbits: 115,000 to 8,034,000 miles. Circuit time: 
1 to 550 days. 

URANUS: 5 satellites. Diameters: 150 to 1,000 miles. Orbits: 80,800 to 364,000 miles. Circuit time: 1 Vi 
to 1 3 V2 days. 

NEPTUNE: 2 satellites. Diameters: 200 and 3,000 miles. Orbits: 220,000 and 5,000,000 miles. Circuit 
time: 6 and 730 days. 
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W H E N W I L L T R U E S P A C E T R A V E L B E G I N ? 

BE F O R E it is safe fo r m a n t o t r a v e l 

i n o u t e r s p a c e , t h e r e a r e m a n y 

f r i g h t e n i n g h a z a r d s fo r w h i c h sc i en t i s t s 

m u s t find a n s w e r s . E x p e r t s a l r e a d y 

k n o w a b o u t t h e d a n g e r s f r o m c o s m i c 

r a y s , a b a n d of i n t e n s e r a d i a t i o n , w a n 

d e r i n g m e t e o r i t e s , blast-off s p e e d s a n d 

t h e p r o b l e m of r e - e n t r y . O n l y a f t e r 

g r o u n d - b a s e d e x p e r i m e n t s a n d m o r e 

m a n n e d o r b i t a l a n d l u n a r flights b y 

a s t r o n a u t s i n t o t h e f r i nges of t h e e a r t h ' s 

a t m o s p h e r e wi l l m a n feel sa fe t o j o u r n e y 

t o t h e o t h e r p l a n e t s , w i t h s t o p o v e r s a t 

s p a c e s t a t i o n s o r b i t i n g t h e e a r t h . 

In the future, manned space stations orbiting around the earth may be 
visited regularly by shuttle-craft with supplies and men. 
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H O W A N D WHY W O N D E R B O O K S 

Produced and approved by noted authorities, these books 
answer the questions most often asked about science, na
ture and history. They are presented in a clear, readable 
style, and contain many colorful and instructive illus
trations. Readers will want to explore each of these 
fascinating subjects and collect these volumes as 
authentic, ready-reference, basic library. 
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